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« The MAILING DATE of this communication appears on the cover sheet with the correspondence address - 
P riod for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM 
THE MAILING DATE OF THIS COMMUNICATION. 

- Extensions of time may be available under the provisions of 37 CFR 1 . 1 36(a). In no event, however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. 

- If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely. 

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 

- Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment See 37 CFR 1.704(b). 

Status 

1 )E3 Responsive to communlcation(s) filed on 23 July 2002 . 
2a)£3 This action is FINAL. 2b)Q This action is non-final. 

3) D Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 CD. 1 1 , 453 O.G. 213. 
Disposition of Claims 

4) [3 Claim(s) 1-3.6-16 and 18-72 is/are pending in the application. 

4a) Of the above claim(s) 18-23 and 25-72 is/are withdrawn from consideration. 

5) D Claim(s) is/are allowed. 

6) S Claim(s) 1-3. 6-16 and 24 is/are rejected. 

7) D Claim(s) is/are objected to. 

8) D Claim(s) are subject to restriction and/or election requirement- 
Application Papers 

9) Q The specification is objected to by the Examiner. 

10)D The drawing(s) filed on is/are: a)D accepted or b)D objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1 .85(a). 
1 1 )□ The proposed drawing correction filed on is: a)D approved b)D disapproved by the Examiner. 

If approved, corrected drawings are required in reply to this Office action. 

12) D The oath or declaration is objected to by the Examiner. 
Priority under 35 U.S.C. §§119 and 120 

13) D Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 1 19(a)-(d) or (f). 

a)DAII b)D Some*c)n None of: 

1 Certified copies of the priority documents have been received. 

2.Q Certified copies of the priority documents have been received in Application No. . 



3.Q Copies of the certified copies of the priority documents have been received in this National Stage - 
application from the International Bureau (PCT Rule 17.2(a)). 
* See the attached detailed Office action for a list of the certified copies not received. 

14) D Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 1 19(e) (to a provisional application). 

a) □ The translation of the foreign language provisional application has been received. 

1 5) Q Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121 . 
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2) □ Notice of Draftsperson's Patent Drawing Review (PTO-948) 

3) □ Information Disclosure Statements) (PTO-1449) Paper No(s)_ 



4) O Interview Summary (PTO-413) Paper No(s). 

5) □ Notice of Informal Patent Application (PTO-152) 

6) Q Other: 
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Application/Control Number: 09/684,026 Page 2 

Art Unit: 1648 . 

DETAILED ACTION 

The Amendment filed July 23, 2002 (Paper No. 1 5) in response to the Office Action of 
April 23, 2002 is acknowledged and has been entered. Claims 4, 5 and 17 have been cancelled. 
Claims 1-3, 6-16 and 24 are pending and are currently being examined. 

The text of those sections of Title 35, U.S. Code not included in this action can be found 
in a prior Office Action, 

Information Disclosure Statement 
An initialed and dated copy of Applicant's IDS form 1449, Paper No. 16, is attached to 
the instant Office Action. 

Claim Rejections -35 USC §112 
The rejection of claims 1-17 and 24 under 35 U.S.C. 112, second paragraph, as being 
indefinite for failing to particularly point out and distinctly claim the subject matter which 
applicant regards as the invention is withdrawn. It was not clear what is meant by "bind each 
other* *, the rejection is withdrawn in view of the claim amendments. 

The rejection of claims 1-17, and 24 under 35 U.S.C. 112, second paragraph, as being 
indefinite for failing to particularly point out and distinctly claim the subject matter which 
applicant regards as the invention is withdrawn. It was not clear what applicant intended by a 
"chimeric polypeptide", the claim amendments clarify that a chimeric protein with an amino acid 
linker is intended. 
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Art Unit: 1648 

The rejection of claims 1 and 17 under 35 U.S.C. 1 12, first paragraph, because the 
specification, while being enabling for a chimera between CD4 and gpl20, does not reasonably 
provide enablement for a chimera utilizing a peptide mimetic spacer is withdrawn in view the 
amendments to the claims . 

Claim Rejections - 35 USC§102 
The rejection of claims 1 and 24 under 35 U.S.C. 1 02(b) as being anticipated by 
Chackerian et al. (Proceeding of the National Academy of Sciences, March 1 999) is withdrawn 
in view of applicant's amendments to the claims. 

The rejection of claims 1-8, 10, 1 1 and 24 under 35 U.S.C. 102(b) as being anticipated by 
DeVico et al. (U.S. Pat. No. 5,518,723, IDS) or DeVico et al. (U.S. Pat. No. 5,843,454, IDS) is 
withdrawn in view of applicant's amendments to the claims. 

Double Patenting 

The rejection of claims 1-8, 1 0, 1 1 and 24 under the judicially created doctrine of 
obviousness-type double patenting as being unpatentable over claims 1 and 3 of U.S. Patent No. 
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New rejections necessitated bv applicants amendments: 



Claim Rejections - 35 USC § 103 



The following is a quotation of 35 U.S.C 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

Claims 1-3, 6-16 and 24 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Chackerian et al. (Proceeding of the National Academy of Sciences, March 1999) and DeVico et 
al. (U.S. Pat. No. 5,843,454, IDS). 

The instant invention is directed to a chimeric polypeptide comprising a viral coat 
polypeptide from a retrovirus and a viral receptor. The sequences are linked by an amino acid 
spacer . The chimeric polypeptide forms a folded complex. 

Chackerian et al. disclose chimeric L1-CCR5 proteins, LI is the viral capsid protein from 
bovine papillomavirus type-1 and CCR5 is a cell surface receptor and a coreceptor for some 
HIV strains. The reference teaches that antibodies raised to L1-CCR5 were effective at blocking 
viral infection in M-tropic virus strain using a single cycle replication assay ( p 2376, column 2, 
1 st paragraph). The chimera comprises viral coat sequences and viral receptor sequences, the 
reference makes no discussion of using spacer amino acids yet the chimera is able to form the 
requisite tertiary structure indicating that a spacer is not required for the structure,' That 
conformation is an important aspect in these chimera is indicated by the fact that denatured Ll- 
CCR5 chimeras did not induce antibody formation to CCR5, only in the context of the folded 
complex is there antibody production against the receptor. This is an important point because the 
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host should ordinarily not produce auto-antibodies against a host receptor unless the receptor is 
conformationally changed due to the interaction with the virus. The reference does not teach a 
chimera of a retrovirus coat protein and a viral receptor protein linked by spacer amino acids. 

DeVico et al. disclose in both patents a CD4-gpl20 complex that have been covalently 
linked using a reactive spacer molecule. The reference teaches using the complex as a vaccine. 
The reference teaches that the interaction between the virus coat protein and the virus receptor 
exposes cryptic epitopes that are not present with the viral coat protein or the CD4 receptor alone 
(see table 1). Gpl20 and CD4 have an affinity for one another and spontaneously form a 
complex when placed in a solution together. The reference does not teach using an amino acid 
spacer in the production of the antigenic complex. 

It would have been obvious to one of ordinary skill in the art at the time the invention 
was made to utilize a chimera for the production of the gpl20-CD4 complex. The chimera as 
taught by Chackerian et al. requires the single process step utilizing affinity purification after the 
expression of the chimera in an insect cell. One having ordinary skill in the art would have been 
motivated to make a gpl20-CD4 chimera to achieve the conformational complex as taught by 
DeVico et al. which would have the advantage of requiring less process steps in order to achieve 
the same function. The prior art requires purifying the CD4 and the gpl20 proteins separately 
allowing them to interact and then chemically cross linking followed by the removal of the 

excess cross linker/ One having ordinary skill in the art would have a high expectation of 

^ \ 
success when expressing the complex as a single polypeptide^ The addition of amino acid 



[awn jy6|iAea unseal LMd USl-tZOMiPW < tg£66Lttl.6 > uioj; paAiaoay 



Application/Control Number: 09/684,026 



Page 6 



Art Unit: 1648 

constraints in the chimera. Therefore, the instant invention is obvious over Chackerian et al. and 
DeVico et al. 



No claims are allowed. 



Applicant's amendment necessitated the new ground(s) of rejection presented in this 
Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP § 706.07(a). 
Applicant is reminded of the extension of time policy as set forth in 37 CFR 1 . 136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within TWO 
MONTHS of the mailing date of this final action and the advisory action is not mailed until after 
the end of the THREE-MONTH shortened statutory period, then the shortened statutory period 
will expire on the date the advisory action is mailed, and any extension fee pursuant to 37 
CFR 1.136(a) will be calculated from the mailing date of the advisory action. In no event, 
however, will the statutory period for reply expire later than SEX MONTHS from the date of this 
final action. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Ulrike Winkler, Ph.D. whose telephone number is 703-308-8294. 
The examiner can normally be reached M-F, 8:30 am - 5 pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, James Housel, can be reached at 703-308-4027. 

The fax phone numbers for the organization where this application or proceeding is 
assigned are 703-308-4242 for informal communications use 703-308-4426. 

Any inquiry of a general nature or relating to the status of this application or proceeding 
should be directed to the receptionist whose telephone number is 703-308-0196. 



Conclusion 



Ulrike Winkler, Ph.D. 
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Induction of autoantibodies to mouse CCR5 with recombinant 
papillomavirus particles 

Bryce Chackerian, Douglas R. Lowy, and John T. Schiller* 

Laboratory of Cellular Oncology, National Institutes of Health, Building 36, Room 1D-32, Bethesda, MD 20892-4040 

Communicated by Ira Pastan, National Cancer Institute, Bethesda, MD, December 31, 1998 (received for review November 30, 1998) 



ABSTRACT The vertebrate immune system has evolved to 
respond vigorously to microbial infection but to ignore self- 
antigens. Evidence has emerged that B cell responses to 
viruses are initiated by immune recognition of ordered arrays 
of antigen on the viral surface. To test whether autoantibodies 
against a self-antigen can be induced by placing it in a context 
that mimics the ordered surface of a viral particle, a peptide 
representing an extracellular loop of the mouse chemokine 
receptor CCR5 was incorporated into an immunodominant 
site of the bovine papillomavirus virus LI coat protein, which 
self-assembles into virus-like particles. Mice inoculated with 
chimeric Ll-CCRS particles generated autoantibodies that 
bound to native mouse CCR5, inhibited binding of its ligand 
RANTES, and blocked HTV-1 infection of an indicator cell line 
expressing a human-mouse CCR5 chimera. These results 
suggest a general method for inducing autoantibodies against 
self-antigens, with diverse potential basic research and clin- 
ical applications. 

The mammalian immune system is normally tolerant of its own 
antigens and fails to generate antibodies against circulating 
self-proteins or those that are expressed on the surface of 
circulating cells. However, cross reacting autoantibodies may 
be elicited in cases in which a microbial antigen mimics or 
incorporates a self-antigen, suggesting that B cell tolerance is 
not rigorous and can be broken under some circumstances. 
Such mechanisms have been suggested as a potential cause of 
human autoimmune diseases, including myasthenia gravis and 
autoimmune myocarditis (1, 2). Antigen arrangement may be 
a major determinant in inducing B cell responsiveness to sell 
For example, mice that were transgenic for the transmembrane 
envelope protein of vesicular stomatitis virus could be induced 
to mount an immune response against this protein. However, 
antibodies were elicited only when the envelope protein was 
P^eseineu in an oraerea_array oh_whole virions t>ui riot i» 
khinials nniiiunizeu witn" envelop e, picjciited in q dioorg anized 
fashion, such as cell-associated or soluble envelope protein. 
This suggested that antigen arrangement is critical in mediat- 
ing B cell responsiveness to the transgene (3). It is not known 
whether autoantibodies against a self-protein that has co- 
evolved with the immune system can be induced deliberately. 
The ability to elicit such antibodies might have diverse appli- 
cations, such as interfering with the function of a specific 
protein for basic research or clinical purposes. 

In this report, we demonstrate that a self-protein-derived 
peptide, when it is presented within a highly organized context 
as part of the regular array of asse mbled viral capsomeres, can 
induce autoantibodje^agajTigX^lne^ative prot ein. T T self- 
pep ride-was inserted into theViTarapsidTO)~proteln fronT" 
bovine papillomavirus type 1 (BPV-1), which has the intrinsic 
capacity to self-assemble into virus-like particles (VLPs) that 
induce high levels of neutralizing antibodies, even without 



The publication costs of this article were defrayed in part by page charge 
payment. This article must therefore be hereby marked "advertisement" in 
accordance with 18 U.S.C. §1734 solely to indicate this fact. 
PNAS is available online at www.pnas.org. 



adjuvant (4, 5). The self-peptide was from an extracellular 
(EC) loop of the mouse C-C chemokine receptor CCR5, which 
is expressed in numerous cell types and tissues, including 
memory T cells and macrophages (6). In addition to evaluating 
whether antibodies generated to the peptide could bind to cells 
expressing mouse CCR5, it was also possible to determine 
whether the antibodies could interfere with ligand binding to 
the receptor and with HIV-1 infection because macrophage- 
tropic (M-tropic) HIV-1 strains use human CCR5 as a core- 
ceptor (7-11) and certain mouse-human chimeric CCR5 re- 
ceptors can substitute functionally for the human receptor 
(12). 

MATERIALS AND METHODS 

Cloning and Particle Preparation. The BPV-1 LI gene was 
cloned as an EcoRl/Kpnl fragment into complementary sites 
in the multiple clon ing site of the baculovirus expression vector 
pFastBacl (GIBCO/BRL). Three L1-CCR5 chimeras were 
generated by overlap extension PCR mutagenesis by a method 
adapted from Ho et al. (13). For each chimera, a portion of 
BPV-1 LI sequence was replaced by a sequence predicted, to 
encode a peptide representing the first EC loop of C57BL/6 
mouse CCR5 [coding for the amino acid sequence: His T^r Ala> 
Ala Asn GIu Trp Val Phe Gly Asn lie Met Cys Lys Val (14)]. 
The regions of BPV-1 LI that were replaced with mCCRS 
sequences were the following: L1-CCR5 chimera 1, sequence 
coding for LI amino acids 130-136; L1-CCR5 chimera 2, 
sequence coding for LI amino acids 275-285; and L1-CCR5 
chimera 3, sequence coding for LI amino acids 344-350. The 
final clones were verified by restriction digest analysis and by 
nucleotide sequence analysis of the PCR-amplified region. 
- Recombinant baculovirus stocks containing the genes cooV 
ing for the chimeric L1-CCR5 proteins or wild-type BPV-1 jd 
were generated by using the GIBCO/BRL baculovirus system 
as described by the manufacturer. Papillomavirus-like particles 
were purified from recombinant baculovirus-infected Sf9 cells 
as described (4, 5). The general morphology of the particle 
preparations was analyzed by mobility assay by using a fast 
protein liquid chromatography Superose 6 gel filtration col- 
umn (Amersham Pharmacia). Eluate was collected in l-ml 
fractions. The void volume of this column is 8 ml. Previously, 
it was determined that wild-type LI VLPs predominantly elute 
in fraction 9 of the column, LI capsomeres elute in fraction 15, 
and LI monomers elute in fractions 19-21 (M. M. Okun, and 
J.T.S., unpublished work). Column fractions were assayed for 
the presence of LI by Western blot analysis. 

Inoculation of Mice. Antisera was prepared by inoculating 
C57BL/6 mice with L1-CCR5 particles, wild-type BPV-1 LI 
VLPs, or a synthetic CCR5 peptide representing the first EC 
loop of mCCR5 that was coupled to keyhole limpet hemocy- 

Abbreviations: BPV, bovine papillomavirus; VLP, virus-like particle; 
EC, extracellular; M-tropic, macrophage-tropic; KLH, keyhole limpet 
hemocyanin; FACS, fluorescence-activated cell sorter; MIP, macro- 
phage inflammatory protein. 

*To whom reprint requests should be addressed, e-mail: schillej® 
dc37a.nci.nih.gov. 
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anin (KLH) by using the Imject activated immunogen conju- 
gation kit (Pierce). In some cases, mice were inoculated with 
particles that were denatured by boiling for 2 min in the 
presence of 1% SDS, Mice were inoculated intradermal^ with 
10 fig of antigen three times at 2-week intervals. In most cases, 
sera were collected 2 weeks after the final boost. When 
adjuvant was used, antigen was prepared in Freund's complete 
adjuvant for the initial injection and in Freund's incomplete 
adjuvant for subsequent inoculations. All animal care was in 
accordance with National Institutes of Health guidelines. 

ELISA. A quantitative EUSA to detect IgG antibody 
against BPV-1 VLPs was performed as described (15). Anti- 
bodies that recognized the CCR5 peptide were detected as 
follows. A synthetic peptide representing the first EC loop of 
mCCR5 was generated and coupled to a BSA carrier protein 
by using the Imject activated immunogen conjugation kit. 
Anti-CCRS-specific IgG was detected by binding 300 ng of 
BSA-coupied CCR5 peptide in 50 of PBS to each well of a 
96-weIl Immulon II microtiter plate (Dynatech) for 2 h at 37°C. 
After washing three times with PBS, the wells were blocked for 
2 h at room temperature with 50 jaI of PBS containing 05% 
nonfat dry milk plus 1% newborn calf serum and then were 
washed three times with PBS. Mouse serum was serially diluted 
in PBS plus 0.5% nonfat dry milk, and 50 jtl of this diluted 
serum was applied to the wells after removing the last wash. 
The plates were incubated at room temperature for 25 h with 
gentle rocking. After five washes, 50 pi of horseradish perox- 
idase-conjugated goat anti-mouse IgG (Boehringer Mann- 
heim) diluted 1:10* in 0.5% milk-PBS was added to the wells. 
The plate then was incubated at room temperature for 1 h with 
gentle rocking and then was washed three times. The perox- 
idase substrate ABTS (50 (Boehringer Mannheim) was 
added to the plate, and, after 45 min of incubation at room 
temperature, the optical densities (ODs) were read at 405 nm 
in a Thermo Max microplate reader. OD405 values that were 
greater than twice background (usually >0.1) were considered 
positive. 

Fluorescence-Activated Cell Sorter (FACS) Analysis. Total 
IgG from pooled mouse sera was purified by affinity purifi- 
cation over a Protein G (Pierce) column. Peak fractions 
containing IgG were pooled and concentrated with a Centri- 
con-30 spin column (Amicon). CCR5 was expressed tran- 
siently in HeLa-MAGI cells by transfection using the Lipo- 
fectamine PLUS transfection kit (GIBCO/BRL). pcDNA3- 
derived plasmids containing mCCR5 cloned from B6 mice and 
a human-mouse CCR5 chimera containing the first EC loop 
of mCCR5 in a background of human CCR5 were generated 
and described by Kuhmann et ai (12). At 48 h after transfec- 
tion, the cultures were detached from the monolayer by 
scraping in the presence of 5 mM EDTA. Cells were washed 
three times in staining buffer (PBS plus 0.5% BSA). Approx- 
imately 10 s cells were resuspended in 25 \A of staining buffer 
plus 1 ptg of mouse IgG and were incubated for 45 min at 4°C. 
Cells then were washed three times with staining buffer, were 
resuspended in 25 jil of staining buffer plus 250 ng fluorescein 
isothiocyanate-labeled goat anti-mouse IgG (Jackson Immu- 
noresearch), and were incubated for 30 min at 4°C. Before 
FACS analysis, cells were washed an additional three times 
with staining buffer and were resuspended in 0.5 ml of staining 
buffer. As a control, cells also were stained with 500 ng of 
fluorescein isothiocyanate-labeled mouse anti-human CCR5 
mAb (mAB182) (R-& D Systems) according to the manufac- 
turer's specifications. FACS analysis was performed on a 
FACSCalibur by using the CELLQUEST software package (Bec- 
ton Dickinson), Specific binding was measured relative to 
staining of cells transfected with pcDNA3 vector. 

Chemokine Binding Assay. HeLa-MAGI cells were tran- 
siently transfected with mouse CCR5 by using a CaP0 4 
mammalian transfection kit (Stratagene). Two days after 
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24-well culture plate, at 10 s cells per well. The next day, cells 
were washed twice in cold PBS and then were resuspended in 
150 mI of cold binding buffer [25 mM Hepes, pH 7.2/5 mM 
MgCl 2 /l mM CaCl 2 /0.5% (wt/vol) BSA]. Cells were incubated 
for 4 h at 4°C with 05 nM !25 I-Iabeled human RANTES 
(Amersham Pharmacia) in the absence or presence of various 
dilutions of mouse sera. To remove small molecules, mouse 
sera was buffer-exchanged to binding buffer by using Micro 
Bio-Spin Chromatography-6 columns (Bio-Rad) before the 
binding assays. As a control, some binding assays were per- 
formed in the presence of 50 nM or 500 nM cold (noniodi- 
nated) human RANTES (R&D Systems). The reactions were 
stopped by washing wells four times with cold binding buffer 
plus 0.5 M NaCL Cells were lysed by the addition of 0,5 ml of 
1% SDS. Lysates were transferred to a counting vial, and 
bound radioactivity was counted for 1 min in a Beckman 
Coulter Gamma 5500B counter. 

Infectivity Assay. HeLa-MAGI cells were transiently trans- 
fected with human/mouse CCR5 chimera (HMHH) by using 
CaP0 4 transfection (Stratagene). Two days after transfection, 
and the day before infection, the indicator cells were seeded to 
24-well plates at 65 x 10 4 cells per well in complete DMEM. 
Some infections were performed in the presence of pooled 
mouse sera (see above), which was buffer-exchanged to PBS by 
using Micro Bio-Spin Chromatography-6 columns (Bio-Rad). 
Before infection, cells were incubated in a total volume of 140 
jud in complete DMEM with 10 /xg/ml DEAE-Dextran plus 
dilutions of sera or antibody, for 30 min at 4°C. After this 
incubation, virus was added to each well to a total volume of 
150 yt\, Cells were incubated for 2 h at 37°C; then, 1 ml of 
complete DMEM was added to each well At 3 days, cells were 
stained, and an infectious dose was determined by counting the 
number of blue nuclei in infected wells. Inhibition of viral entry 
was scored by comparing the average number of blue nuclei in 
the presence of sera with the average number of infectious 
centers in the absence of sera. Typically, enough infectious 
virions to lead to 50-75 infectious blue centers in control (no 
sera) wells were used in each infection, All assays were 
performed in duplicate on recently thawed HeLa-MAGI cells. 

RESULTS 

Generation of Chimeric Papillomavirus Particles. Genera- 
tion of chimeric L1-CCR5 particles required inserting the 
CCR5 peptide into a region of LI that would not disrupt the 
ability of LI to form particles, Although the precise structural 
location and function of most LI amino acids are not known, 
amino acid c hanges that disrupt the neutralizing e pit opes of 
various Kumair papill omaviruses without atlecting capsid a~ 
" 'sembiy naVe been mapped to three noncontiguous regions of 
la tip-I B), because it was likely that amino acids at these sites 
were onlhe surface of the capsid, the analogous sites in BPV-1 
LI were targeted for peptide insertion. Therefore, three 
L1-CCR5 chimeras were constructed in which the LI sequence 
at BPV-1 LI amino acids 130-136, 275-285, or 344-350 was 
replaced with a sequence predicted to encode a 16-aa peptide 
corresponding to the first EC loop of mouse CCR5 (mCCR5) 
from C57BL/6 (B6) mice. These chimeras were designated 
L1-CCR5 chimeras 1, 2, and 3, respectively. 

Recombinant baculoviruses containing L1-CCR5 chimeras 
were generated, and the, resulting L1-CCR5 particles were 
purified by gradient centrifugation (4). To determine whether 
the chimeric L1-CCR5 molecules assembled into VLPs, cap- 
someres, or other particulate forms, Superose 6 gel filtration 
chromatography was performed on preparations of the three 
L1-CCR5 chimera. Only preparations of L1-CCR5 chimera 1 
eluted in a fraction indicating an assembled particulate struc- 
ture (data not shown). Therefore, further analysis was limited 
to this chimera. Examination of chimera 1 particles by electron 
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Fig. 1. Electron micrographs of LI particles. After purification, 
particles were adsorbed to carbon-coated grids, were stained with 1% 
uranyl acetate, and were examined with a Philips electron microscope 
model EM 400RT at magnification X36,000. (A ) An L1-CCR5 particle 
preparation. Arrows identify putative 12-capsomere particles, which 
are ~28 nm in diameter. (B) A preparation of wild-type LI VLPs. 
Large 72-capsomere (55-nm) particles and a 12-capsomere (28-nrn) 
particle (indicated by an arrow) are visible. 

wild-type LI VLPs, ~28 vs. 55 nm (Fig. L4). Morphologically, 
the L1-CCR5 chimeric particles resemble polyomavirus 12 
ICOSA shells (T = 1 particles), which are composed of a 
regular array of 12 pentameric capsomers of the polyomavirus 
major coat protein VP1 and can be generated on in vitro 
reassembly of VP1 capsomeres at high ionic strength (19). 
Small particles of a similar size to the L1-CCR5 particles often 
;| are found as a minor component of wild-type BPV-1 LI VLP 
preparations (Fig. 16, see arrow). Although the L1-CCR5 
i particles are smaller than wild-type VLPs, they possessed at 
: ; least some characteristics of wild-type VLPs that wild-type 
capsomeres lack. In particular, the LI -CCR5 particles hem- 
; agglutinated mouse red blood cells and displayed ELtSA 
1 reactivity to a BPV-1 neutralizing mAb (mAb 9), which 
; specifically binds to particles but not capsomeres (data not 
shown; M M. Okun, and J.T.S., unpublished work; ref. 20). 

Induction of Autoantibodies. To examine whether the CCR5 
chimeric particles could induce anti-CCR5 antibodies, B6 mice 
(a strain that encodes the identical CCR5 sequence as the 
insert sequence) were vaccinated with L1-CCR5 particles, 
denatured L1-CCR5 protein, or wild-type VLPs. Sera from 
these mice were tested for reactivity to CCR5 peptide and 
wild-type VLPs by ELISA. Sera from control mice inoculated 
with wild-type VLPs had no anti-CCR5 ELISA reactivity, but 
inoculation with L1-CCR5 particles induced sera with high 
anti-CCR5 ELISA titers (Fig. 24). These titers ranged from 
3 X HP to 3 X 10* in the three animals inoculated in 
combination with Freund's adjuvant and measured 3 X 10 3 in 
the two animals inoculated without adjuvant. In contrast, no 
CCR5-peptide-specific antibodies were detected in mice inoc- 
ulated with denatured L1-CCR5 particles in combination with 
adjuvant. The lack of reactivity of the denatured L1-CCR5 
particles was limited to the CCR5 peptide because the dena- 
tured material elicited high titers of anti-Ll antibodies (Fig. 
2B). 

Although these results indicated that the L1-CCR5 particles 
elicit antibodies to the CCR5 peptide, the possibility existed 
that these antibodies might not recognize the peptide in its 
native conformation as part of membrane-associated mCCR5. 
To examine this question, the ability of anti-CCR5 antibodies 
to bind to mCCR5 on cells was tested by flow cytometric 
(FACS) analysis. The binding of L1-CCR5 particle sera to 
mCCR5 expressed on primary mouse T cells and macrophages 
could not be assessed because of high levels of nonspecific 
mouse IgG binding to these cells (data not shown), Alterna- 
tively, cloned mCCR5 from B6 mice was transiently expressed 
in HeLa-MAGl cells by transfection, and the binding of 
purified mouse IgG was measured relative to vector- 
transfected cells (Fig. 3). By this assay, IgG from L1-CCR5 
immunized mice bound specifically to the mCCR5 transfected 
cells (Fig. 3/J) whereas there was no significant binding with 
purified IgG from wild-type BPV VLP sera (Fig. 3B) or with 
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Fig, 2. Reactivity of sera from inoculated mice by ELISA. OD 
405 = OD at 405 nm. Sera from mice were inoculated with L1-CCR5 
particles (■), denatured L1-CCR5 particles (♦), or BPV-1 VLPs (a) 
in the presence of Freund's adjuvant or with L1-CCR5 particles in the 
absence of adjuvant (O). (A) Reactivity to BSA-coupIed CCR5 
peptide. (5) Reactivity to BPV-1 VLPs. 

a mAb (mAB182) that binds to the second EC loop of human 
CCR5 (Fig. 3Q. As a control for antibody specificity, mice 
were inoculated with mCCR5 peptide coupled to KLH, Al- 
though these mice generated an anti-CCR5 peptide antibody 
response, with ELISA titers of 10 5 against CCR5 peptide 
coupled to BSA, the IgG purified from the sera of these mice 
failed to bind mCCR5 expressing cells (Fig. 3D). Thus, the 
Ll-CCR5-induced antibodies, in contrast to those induced by 
the KLH-coupled peptide, function as true autoantibodies, in 
that they bind native mCCR5. 

Inhibition of Ligand and HIV-1 Binding. As another ap- 
proach to examine the ability of the antibodies to bind native 
mCCR5, we examined whether the L1-CCR5 sera could 
compete with a chemokine ligand for mCCR5 for binding to 
HeLa-MAGI cells transiently transfected with mCCRS (Fig. 
4). The mouse chemokines macrophage inflammatory protein 
(MlP)-la, MIP-1/3, and RANTES are ligands for mCCR5. In 
addition, the human homologs of MIP-1/3 and RANTES are 
able to bind to mCCR5 (21, 22). In the competition assay, 
iodinated human RANTES was used because it is commer- 
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Fig. 3. Flow cytometric analysis of antibody binding to transiently 
transfected HeLa-MAGI cells. Constructs encoding CCR5 DNA 
(thick solid line) or, as a control for background staining, vector alone 
(shaded histogram), were transfected into the cells 2 days before 
staining, (A-D) Cells transfected with mouse CCR5 or vector DNA. 
(E-G) Cells transfected with a human/mouse CCR5 chimera 
(HMHH) or vector DNA. Cells were incubated with purified JgG from 
Ll-CCRS-immunized mice (A and E), purified IgG from BPV-1 
VLP-immunized mice (B and F), or purified IgG from KLH : coupled 
CCR5 peptide-immunized mice (D). As a control, cells aiso were 
stained with a f luoresccin-labeled mAb against the second EC loop of 
human CCR5 (C and F). 

cially available. A 1:30 dilution of L1-CCR5 sera displaced 
«*66% of the iodinated human RANTES (similar to the 
displacement observed by using a 100-fold excess of cold 
RANTES), compared with 37% displacement with a 1:30 
dilution of wild-type LI VLP sera. The 1:75 and 1:150 dilutions 
of L1-CCR5 sera displaced 25 and 17% of the iodinated 
RANTES, respectively, whereas no significant displacement 
was observed when using control sera at these dilutions. 
Previous data have suggested that MlP-la, MIP-10, and 
RANTES bind to the second EC loop of hCCR5 because their 
binding was blocked by a mAb to this loop but not by an 
antibody to the amino terminus of hCCR5 (23). Our data 
suggest that antibodies binding to the first EC loop of mCCR5, 
which is located between these two sites, can partially block 
RANTES binding, perhaps because of the proximity of this 
loop to the second EC loop. 

The ability of Ll-CCR5-induced antibodies to block M- 
tropic HIV-1 infection aiso was tested. The interaction be- 
tween HIV-1 envelope and hCCR5 is complex, likely strain- 
dependent, and probably involves several EC regions of CCR5. 
Specifically, mAb studies have implicated the second EC loop 
and the NH 2 -terminal region of hCCR5, and studies of chi- 
meric receptors have indicated that the first and third EC loops 
of hCCR5 also contribute to its interaction with HIV-1 
(23-28). Although mCCRS does not function as an HIV-1 
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coreceptor, a human-mouse chimeric receptor (HMHH), 
which contains the first EC loop of mCCRS (the B6 mouse 
sequence) in a background of hCCR5, has coreceptor activity 
(albeit at low efficiency) when expressed in human cell lines 
(12). We used this chimeric receptor to test whether L1-CCR5 
sera could block M-tropic HIV-1 infection. To confirm that 
IgG purified from L1-CCR5 sera would bind HMHH, FACS 
analysis was performed on HeLa-MAGI cells transiently trans- 
fected with HMHH. Positive binding was obtained with IgG 
from L1-CCR5 mice and with a positive control mAb that 
binds to the second EC loop of human CCR5 whereas IgG 
from wild-type LI VLP mice did not bind HMHH (Fig. 3 
E-G). Based on these results, sera from L1-CCR5 mice were 
tested for their ability to inhibit the infection of the M-tropic 
BaL strain of HI V-l, in a single replication cycle assay, by using 
the MAGI indicator cell line (29). When indicator ceils 
transiently transfected with HMHH were infected with HIV-1 
BaL in the presence of L1-CCR5 sera, dilutions of 1:15, 1:30, 
and 1:75 exhibited 65, 50, and 45% neutralization, respectively, 
of infectivity (Fig. 5). At the same dilutions, control sera from 
wild-type LI VLP mice exhibited some nonspecific neutral- 
ization, but it was only 25% at the 1: 15 dilution and 15% at 1:30 
and 1:75. In comparison, indicator cells infected with HIV-1 
BaL in the presence of dilutions of hCCR5 binding mAb 
(mAB182) (at an initial concentration of 1 jig/pX) used as a 
positive control exhibited a similar neutralization curve (Fig. 
5). The L1-CCR5 sera also were tested for neutralization 
activity against the T-cell tropic isolate HIV-1 LAI and, as 
expected, failed to show any neutralization above background 
levels against this isolate (data not shown). 

Absence of Adverse Side Effects. One potential concern of 
autoantibody induction is that these antibodies might have 
deleterious long term consequences for the immunized animal, 
possibly including uncontrolled antigenic stimulation from the 
native CCR5 protein. However, in three mice that were 
monitored over a 6-month period after L1-CCR5 particle 
inoculation, there was a 2- to 8-fold decrease in the titer of 
CCR5-specific antibodies over this period; this decline was 
roughly equivalent to a parallel decline in the titer of Ll- 
specific antibodies. Two of the animals exhibited 2-fold de- 
clines in anti-CCR5 antibody titers and 3-fold declines in 
anti-Ll antibody titers. The third animal exhibited an 8-fold 
decline in its anti-CCR5 titer and a 10-fold decline in its 
anti-Ll antibody titer. These results suggest that continued 
exposure to native CCR5 does not lead to continuous B cell 
induction, presumably because the cellular protein remains in 
a context that is ignored by the immune system and, moreover, 
because the anti-CCR5 response depends exclusively on ex- 
posure to the CCR5 peptide on L1-CCR5 particles. The 
immunized mice maintained the same weight as control mice, 
and autopsies performed on two of the mice 6 months after the 
final boost did not reveal any gross pathological changes. In 
humans, CCR5 is expressed predominantly on memory T cells 
(CD3 + , CD4 + , CD26 hi ). Additionally, 1-10% of macrophages 
in the thymus, spleen, and lymph nodes express CCR5 (6). 
FACS analysis of mononuclear cells from spleen, thymus, and 
peripheral blood indicated that there was no decline in spleen 
or peripheral blood macrophage and T cell subsets that express 
CCR5 compared with control mice (data not shown). Thus, 
this limited analysis suggests that the mice immunized with 
L1-CCR5 particles did not suffer gross pathological changes 
over the period of observation. 

DISCUSSION 

Our studies demonstrate that incorporation of a peptide from 
the EC portion of a central antigen, mCCR5, into the regular 
array of a papillomavirus particle, followed by immunization of 
these particles, can induce autoantibodies that bind to the 
receptor and block ligand and HIV-1 binding. Autoantibodies 



Medical Sciences: Chackerian et al 



Proc. Natl. Acad. Sci. USA 96 (1999) 2377 



3000 n 

2800 

2800- 

2400- 
c 2200- 
8 2000 

1800 

i8oo-|: : : : 
1400- •:•> 



1200- 



□ l:30dQution ffl 1:150 dilution 

□ 1:75 cftlutton □ 1:300 dltutfon 



Inhibition: 




L1-CCR5 mouse sera 



BPV VLP mouse sera 



SOOnM 50 nM NONE 
Rantes Rantes 



Fig. 4. Displacement of iodinated human RANTES by sera. HeLa-MAGI cells were transiently transfected with mCCR5. Three days after 
transfection, cells were incubated with 0.5 nM iodinated RANTES in the absence or presence of dilutions of mouse sera. Maximally bound iodinated 
RANTES was determined by assaying for binding in the absence of sera and corresponds to «-2,550 cpm (indicated by the dashed line). Nonspecific 
binding of iodinated RANTES (-1,300 cpm) was determined by assaying for binding in a 1,000-fold excess (500 aM) of cold (non iodinated) human 
RANTES. Data represents the average of duplicate wells from one experiment. This assay was repeated on two occasions to ensure reproducibility. 



to mCCR5 declined over time at a rate that was similar to the 
decline in Ll-specific antibodies, suggesting that B cell stim- 
ulation by endogenous cell-surface CCR5 was not induced. 

The anti-self-antibodies induced by L1-CCR5 particles ef- 
ficiently bound mCCR5 expressed on the cell surface, indi- 
cating that they function as true autoantibodies. In contrast, 
antibodies induced by KLH-coupled CCR5 peptide failed to 
bind to native mCCR5. One possibility is that binding auto- 
antibodies do not just recognize this particular amino acid 
sequence, but recognize this sequence in its native conforma- 
tion. Moreover, the IgG from Ll-CCR5-immunized mice 
blocks binding of a CCR5 ligand and inhibits HI V-l infection 
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Sera/Antibody Dilution 

Fio. 5. Inhibition of HI V-l BaL infection of an indicator cell line 
by dilutions of L1-CCR5 sera, BPV-1 VLP sera, or a mAb against the 
second EC loop of human CCR5 (mAB182). Sera were pooled from 
three animals. HeLa-MAGI cells, an HI V-l indicator cell line in which 
the nuclei of infected cells stain blue, were transiently transfected with 
a human-mouse CCR5 chimera (HMHH), which contains the first EC 
loop of mouse CCR5 in a background of the human CCR5 gene. Three 
days after transfection, cells were incubated with dilutions of pooled 
mouse sera or antibody for 30 min at 4°C. Cells then were challenged 
with the M- tropic isolate HI V-l BaL. Three days after infection, 
infected cells were scored by counting the number of blue cells in each 
well. Inhibition of HI V-l BaL infection was determined by comparing 
the number of blue (infected) nuclei in the presence of sera versus the 
number of blue nuclei in the absence of sera. Data represents the 
average of duplicate wells from one experiment. To ensure reproduc- 
ibility, this assay was repeated on at least two other occasions, with 
similar results. Sera are from LI -CCR5 -inoculated mice (■), BPV-1 
VLP-inocuIated mice (O), or mAB182 (a). 



via a chimeric CCR5 protein that contains the mouse CCR5 
peptide, further demonstrating the specificity of these auto- 
antibodies. The inhibition observed in these assays, although 
consistent, reproducible, specific, and similar to a control mAb 
against the second EC loop of human CCR5, was relatively 
modest. The partial inhibitory activities of the antibodies may 
be related to the stringency of the assays or to the indirect 
nature of the effect of antibody binding on viral and ligand 
interactions with the receptor because other regions of CCR5 
have been implicated more directly in ligand binding and the 
precise role of the mouse CCR5 peptide in the HI V-l infec- 
tivity assay remains unclear. The first EC loop of raCCRS was 
chosen as a target because it was the only portion of mouse 
CCR5 that enabled us to test ligand binding as well as 
inhibition of HI V-l infection. However, because other regions 
of CCR5 have been implicated more directly in both of these 
processes, it may not be surprising that only partial inhibition 
was obtained in the functional assays. It should be noted, 
however, that even partial reduction in CCR5 expression can 
have clinically significant effects because HIV-l-infected in- 
dividuals who are heterozygous for an inactive CCR5 allele 
have delayed progression to AIDS (30-32). Currently, we are 
testing whether recombinant particles containing the homol- 
ogous human/macaque CCR5 sequence induce autoantibod- 
ies in pig-tailed macaques, with the eventual goal of assessing 
the effects of anti-CCR5 autoantibodies on SIV infection 
in vivo. 

We observed no adverse effects of autoantibody induction 
in mice that were followed for 6 months from the initial 
inoculation. Although we did not test for autoreactive T cells, 
we would not expect to break T cell tolerance to CCR5. T cells 
that recognize central autoantigens are strongly selected 
against during the development of the immune system. Pre- 
sumably, the T cell help needed for Ig class switching to 
produce anti-CCR5 IgG is directed against the linked viral 
protein. Conversely, in adult animals, there is a continuous 
generation of antibodies with new specificities as a result of 
recombinase-activating gene reactivation and peripheral ed- 
iting of B cell receptor genes (33-35). Our results demonstrate 
that adult mammals retain the capacity to produce antibodies 
specific for a self-antigen, provided that the antigen is pre- 
sented in a context in which the host does not recognize it as 
self. We do not expect papillomavirus VLPs to be unique 1n 
their ability to provide this context. Indeed, it is possible that 
synthetic molecules may be able to provide the appropriate 
repetitive array necessary to stimulate autoantibody produc- 



es' /ee # 



>SS66 ^6 16! 



# 

[awil ImBiiAbq uHJgea] m i i =62: t CO/n/f »e < WG66 ^ W 1.6 > W04j paAiaoay 



2378 Medical Sciences: Chackerian et al. 

tion. It remains to be determined what specific features of 
these arrays are critical and how the spacing of self-antigen 
effects autoantibody production. 

The ability to induce autoantibodies has numerous potential 
basic and clinical applications. This technique could be used to 
generate mouse anti-self mAbs. Additionally, this approach 
could be effective as a means of modulating the activity of a 
soluble protein to examine its function in normal or disease 
processes in experimental animal models. Moreover, induction 
of autoantibodies may be an effective alternative to mAb 
therapy for human disease, such as in the treatment of breast 
cancer and rheumatoid arthritis with antibodies directed 
against ErbB-2 and tumor necrosis factor a, respectively (36, 
37). The induction of potentially therapeutic autoantibodies in 
the individual might have some advantages over passive im- 
munization with mAbs. For example, the anti-self antibodies 
might provide a longer duration of response, would not be 
expected to be associated with an immune response to the 
antibodies, and might be more effective because of the diver- 
sity of the polyclonal response. However, it would be necessary 
to demonstrate both long term safety and utility in experi- 
mental animals, including non-human primates, before this 
approach could be considered for human clinical trials. 
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